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EXTENDED DURATION LIGHT ACTIVATED CANCER THERAPY 

Field of the Invention 

This invention generally relates to the field of delivery to a tumor target site of a 
therapeutically effective amount of a photosensitizing agent that is activated by a relatively 
5 low fluence rate of light administered over a prolonged period of time. More specifically, 
the field of this invention to the delivery of a photosensitizing agent that preferentially 
associates with cancerous cells at the target site. 
Background of the Invention 

One form of energy activated therapy for destroying abnormal or diseased tissue is 
1 0 photodynamic therapy (PDT). PDT is a two-step treatment process, which has received 
increasing interest as a mode of treatment for a wide variety of different cancers and 
diseased tissue. The first step in this therapy is carried out by administering a 
photosensitive compound systemically by ingestion or injection, or topically applying the 
compound to a specific treatment site on a patient's body, followed by illumination of the 
1 5 treatment site with light having a wavelength or waveband corresponding to a characteristic 
absorption waveband of the photosensitizer. The light activates the photosensitizing 
compound, causing singlet oxygen radicals and other reactive species to be generated, 
leading to a number of biological effects that destroy the abnormal or diseased tissue, 
which has absorbed the photosensitizing compound. The depth and volume of the 
20 cytotoxic effect on the abnormal tissue, such as a cancerous tumor, depends in part on the 
depth of the light penetration into the tissue, the photosensitizer concentration and its 
cellular distribution, and the availability of molecular oxygen, which will depend upon the 
vasculature system supplying the abnormal tissue or tumor. 

Various types of PDT light sources and their methods of use have been described in 
25 the prior art literature. However, publications describing appropriate light sources and the 
effects of transcutaneous light delivery to internal treatment sites within a patient's body, 
for PDT purposes, are relatively limited in number. It has generally been accepted that the 
ability of a light source external to the body to cause clinically useful cytotoxicity during 
PDT is limited in depth to a range of 1-2 cm or less, depending on the photosensitizer. 
30 Treatment of superficial tumors in this manner has been associated with inadvertent 

skin damage due to accumulation of the photosensitizer in normal skin tissue, which is a 
property of all systemically administered photosensitizers in clinical use. For example. 
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chnicallv useful porphyrins such as PHOTOFRIN™ (a QLT. Ltd. brand of sod.um 
porfimer) are associated with general dermal photosensitivity lasting up to six weeks. 
PURLYTIN™, which is a brand of purpurin, and FOSCAN™, which is brand of chlorm. 
sensitize the skin to light for at least several weeks, so that patients to whom these drugs are 
administered must avoid exposure to sunlight or other bright light sources durmg this time 
to avoid unintended phototoxic effects on the normal dermal tissue. Indeed, efforts have 
been made to develop photoprotectants to reduce skin photosensitivity (see, for example: 
Dillon et aL "Photochemistry and Photob.ology," 48(2): 235-238 (1988); and Sigdestad et 
aL, British.), of Cancer , 74:S89-S92, (1996)). 

' ~~ Recently, it has been reported that a relatively intense external laser light source 
might be employed transcutaneous! y to cause two-photon absorption by a photosens.tizer a 
greater depth within a patient's body, so that it is theoretically possible to cause a very 

vnh.me of cvtotoxicity in diseased tissue at greater depths than previously believed 
possible However, no clinical studies exist to support this contention. One would expect 
that the passage of an intense beam of light through the skin would lead to the same nsk of 
phototoxk injury to non-target normal tissues, such as skin and subcutaneous normal 
tissue, if this light is applied in conjunction with a systemically administered 
photosensitizer. 

For example, one PDT modality discloses the use of an intense laser source to 
activate a photosensitizer drug within a precisely defined boundary (see: U.S. Patent No. 
5 829 448, Fisher et aL, "Method for improved selectivity in photo-activation of molecular 
agents") The two-photon methodology requires a high power, lugh intensity laser for drug 
activation using a highly collimated beam, with a high degree of spatial control. For a large 
tumor, this treatment is not practical, since the beam would have to be swept across the stan 
surface in some sort of set, repeating pattern, so that the beam encompasses the entire 
volume of the tumor. Patient or organ movement would be a problem, because the beam 
could become misaligned. Exposure of norma, tissue or skin in the path of the beam and 
subcutaneous tissue photosensitivity is not addressed in the prior art literature Any 
photosensitizer absorbed by normal tissue in the path of the beam will likely be activated 
and cause unwanted collateral normal tissue damage. Clearly, it would be preferable to 
employ a technique that minimizes the risk of damage to normal tissue and which does not 
depend upon a high intensity laser light source to produce two photon effects. Further. ,t 
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would be preferable to provide a prolonged exposure of an internal treatment site with hght 
at a lower fluence rate, which tends to reduce the risk of harm to non-target tissue or skin 
and subcutaneous normal tissue and reduces any collateral tissue damage due to 
phototoxicity. 

5 Other PDT modalities have employed the use of a light source producing a low total 

fluence delivered over a short time period to avoid harm to skin caused by activation of a 
photosensitizer and have timed the administration of such drugs to better facilitate 
destruction of small tumors in animals (see, for example, U.S. Patent 5,705,518, Puchter e, 
al ) However, although not taught nor suggested by the prior art, it would be preferable to 

1 0 employ a light source that enables a relatively large total fluence PDT, but at a lover 
intensity so that larger tumor volumes can more readily be treated as well as diffused 
diseases, including metastasized tumors and other pathological tissue formation resulting 
fro _ infectious or pathogenic agents, such as bacterial infections or other disease states, 

such as immunological diseases. 
1 5 If, as is often the case, a target tumor tissue lies below an intact cutaneous layer of 

normal tissue, the main drawbacks of all transcutaneous illumination methods, whether 
they be external laser or external non-laser light sources, are: (1) the risk of damage to 
aon-target tissues, such as the more superficial cutaneous and subcutaneous tissues 
overlying the target tumor mass; (2) the limited volume of a tumor that can be treated; and 
20 (3) the limitation of treatment depth. Damage to normal tissue lying between the light 
source and the target tissue in a tumor occurs due to the uptake of photosensitizer by the 
skin and other tissues overlying the tumor mass, and the resulting undesired 
photoactivation of the photosensitizer absorbed by these tissues. The consequences of 
inadvertent skin damage caused by transcutaneous light delivery to a subcutaneous tumor 
25 may include severe pain, serious infection, and fistula formation. The limited volume of 
tumor that can be clinically treated and the limitations of the light penetration below the 
skm surface in turn have led those skilled in this art to conclude that clinical transcutaneous 
PDT is only suitable for treatment of superficial, thin lesions. 

U.S. Patent No. 5,445,608, Chen et al. . discloses the use of implanted light sources 
30 for internally administering PDT. Typically, the treatment of any internal cancerous 

lesions with PDT requires at least a minimally invasive procedure such as an endoscopic 
technique, for positioning the light source proximate to the tumor, or open surgery to 
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expose the tumor site. There is some risk associated with any internal procedure performed 
on the body. Clearly, there would be significant advantage to a completely noninvasive 
form of PDT directed to subcutaneous and deep tumors, which avoids the inadvertent 
activation of anv photosensitize in skin and intervening tissues. To date, this capability 
has not been clinically demonstrated nor realized. Only in animal studies utilizing m,ce or 
other rodents with very thin cutaneous tissue layers, have very small superficial 
subcutaneous tumors been treated with transcutaneous* transmitted light. These minima, 
in v,vo studies do not provide an enabling disclosure or even suggest how transcutaneous 
light sources might safely be used to treat large tumors in humans with PDT, however. 

Another PDT modality in the prior art teaches the destruction of abnormal cells that 
are circulating in the blood using light therapy, while leaving the blood vessels intact (see. 
for example- U.S. Patent No. 5,736,563, Richter et al. ; WO 94/06424, Richter; WO 
QVnnCKJS Champan et al.; U.S. Patent No. 5,484,803, Richter et al, and WO 93/24127, 
North et al Instead, it might be preferably to deliberately damage and occlude blood 
vessels that form the vasculature supplying nutrients and oxygen to a tumor mass, thus 
rendering a given volume of abnormal tissue in the tumor (not circulating cells) ischemic 
and anoxic and thus promoting the death of the tumor tissue serviced by these blood 
vessels. 

To facilitate the selective destruction of the blood vessels that service a tumor, .t 
would be desirable to selectively bind a photosensitizing agent to specific target tissue 
antigens, such as those found on the epithelial cells comprising tumor blood vessels. This 
targeting scheme should decrease the amount of photosensitizing drug required for 
effective PDT, which in turn should reduce the total light energy, and the light intensity 
needed for effective photoactivation of the drug. Even if only a portion of a blood vessel is 
occluded as a result of the PDT, downstream thrombosis is likely to occur, leading to a 
much greater volume of tumor necrosis compared to a direct cytotoxic method of 
destroving the tumor cells, in wh.ch the photosensitizer drug must be delivered to all 
abnormal cells that are to be destroyed. One method of ensuring highly specific uptake of a 
photosensitizer by epithelial cells in tumor vessels would be to use the avidin-biotin 
, targeting system. Highly specific binding of a targeted agent such as a PDT drug to tumor 
blood vessels (but not to the cells in normal blood vessels) is enabled by this two step 
svstem While there are reports in the scientific literature describing the binding between 
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biotin and streptavidm to target tumor cells, there are no reports of using this ligand- 
receptor bmding pair to bmd wrth cells io tumor vessels nor in conjunction with carrymg 
out prolonged PDT light exposure (see, for example: Savusky et „,., SP1E, 311 
(1997)- and Ruebner « <rf., S«£. 2625:328-332, (1996)). In a non-PDT modality, the 
biotin-streptavidin Ugand-receptor binding pai r has also been reported as useful in bmding 
tumor targeting conjugates with radionuclides (see U.S. Patent No. 5,630,996, Reno e, «/., 
and with monoclonal antibodies (see Casalin, al, J. Nuclear Med. ,3^:131^ 
(1997)) and U.S. Patent No. 5,482,698, Griffiths). 

' Other Hgand-receptor binding pairs have been used in PDT for targeting tumor 
antigens but the prior art fails to teach their use in conjunction with targeting cells in blood 
vessels or treatment of large, established tumors (see, for example, Mew et al.J. of 

Immunol, 130(3): 1473-1477, (1983)). 

«:-u are usually employed as a light source in administering PDT to 

shorten the time required for the treatment (see W.G. Fisher, et al, PHotocHetnistry and 
PHotobioIosy, 66(2):141-155, (1997)). However, it would likely be safer to use a low 
power, non-coherent light source that remains energized for two or more hours to increase 
the depth of the photoactivation. However, this approach is contrary to the prior art that 
recommends PDT be carried out with a brief exposure from a high powered, colhmated 

light source. . 

Recently, there has been much interest in the use of antiangiogenesis drugs lor 
treating cancerous tumors by minimizing the blood supply that feeds a tumor's growth. 
However, targeting of tumor vessels using antiangiogenesis drugs may lead to reduction in 
size of small tumors and may prevent new tumor growth, but will likely be ineffective m 
causing reliable regression of large, established tumors in humans. However, by using a 
combination of antiangiogenesis and a photosensitizer in the targeting conjugate, it is likely 
that a large volume tumor can be destroyed by administering PDT. 

In treating large tumors, a staged procedure may be preferable in order to control 
tumor swelling and the amount of necrotic tissue produced as the PDT causes destruction 
of the tumor mass. For example, by actuating a photosensitizer bound to tumor 
the center of a large tumor and then sequentially expanding the treatment zone outward m a 
stepwise manner, a large volume tumor can be gradually ablated in a controlled fashion m 
order to prevent swelling due to edema and inflammation, which is problematic in organs 
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such as the brain. 

Delivered m vivo, PDT has been demonstrated to cause vessel thrombosis and 
vascular constriction, occlusion, and collapse. And though the treatment of very 
superficial, thin tumors has been reported using transcutaneous light, there are no clinical 
reports of transcutaneous light activation being used to destroy deeper, thick tumors that are 
disposed more than 2 cm below the skin surface. Clearly, there is a need for a PDT 
paradigm that enables large volume tumors that are disposed well below the surface of the 
skin to be destroyed with transcutaneous light activation. 

PDT of locally recurrent breast cancer (LRBC) with lutetium texaphynn has been 
reported by T.J. Wieman et al.,m program/proceedings, American Society of Clinical 
Oncology, Vol. 18, P. 1 1 1 A (1999). This study by Wieman et al. involved the treatment of 
superficial recurrent chest wall breast cancer. Lutrin ™ (lutetium texaphyrin, brand; 
Pharmacyclics, Inc, Sunnyvle, CA) was administered by injection at a dose of 1.5 mg/Kg to 
4.0 mg/Kg and followed by chest wall illumination of 1 50 joules or 1 00 joules of light at 
732 nm using laser or LED device. However, this study did not suggest or disclose the use 
of transcutaneous light delivery to treat a subcutaneous tumor mass. Further, at the light 
dosage employed, a sustained delivery of light at the reported intensity may not be possible 

without adverse reactions. 

It is apparent that the usual method of administering PDT to treat bulky tumors, 
which relies on invasive introduction of optical fibers, is not the best approach. It would be 
highly advantageous to apply light transcutaneous^ in a completely noninvasive method to 
treat such large tumors (as well as small and even microscopic tumors), without risking 
damage to non-target tissues, such as skin and normal subcutaneous tissue. Instead of the 
conventional technique, a method of photoactivation and a series of photosensitizer 
25 constructs is needed that enable PDT induced cytotoxicity, on both a macro and 

microscopic scale, without risk to the cutaneous layer, or any surrounding normal tissues. 
Also, the therapeutic index should be enhanced due if a specific photosensitizer drug 

targeting scheme is employed. 

Citation of the above documents is not intended as an admission that any of the 
30 foregoing is pertinent prior art. All statements as to the date or representation as to the 
contents of these documents is based on the information available to the applicants and 
does not constitute any admission as to the correctness of the dates or contents of these 
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documents. Further, all documents referred to throughout this specification are hereby 
incorporated by reference herein, in their entirety. 
Summarv of the Invention 

in accord with the present invention, a method is defined for transcutaneous^ 
administering a photodynamic therapy to a target tissue in a mammalian subject. The 
method includes the step of administering to the subject a therapeutically effective amount 
of either a photosensitizing agent having a characteristic light absorption waveband, a 
photosensitizing agent delivery system that delivers the photosensitizing agent, or a 
prodrug that produces a prodrug product having a characteristic light absorption waveband. 
The photosensitizing agent, photosensitizing agent delivery system, or prodrug selectively 
binds to the target tissue. Light having a waveband corresponding at least in part with the 
characteristic light absorption waveband of said photosensitizing agent or of the prodrug is 

for transcutaneous^ irradiating at least a portion of the mammalian subject. An 
intensity of the light used for irradiating is substantially less than 500 mwW, and a total 
fluence of the light is sufficiently high to activate the photosensitizing agent or the prodrug 

product, as applicable. 

Preferably sufficient time is allowed for any of the photosensitizing agent, the 
photosensitizing agent delivery system, or the prodrug (depending upon which one of these 
was administered) that is not bound or preferentially associated to the target tissue to clear 
from non-target tissues of the mammalian subject prior to the step of irradiating with the 
light. 

In one application of the invention, the target tissue is vascular endothelial t.ssue. 
in another application, the target tissue is an abnormal vascular wall of a tumor. As further 
defined, the target tissue is selected from the group consisting of: a vascular endothelial 
tissue an abnormal vascular wall of a tumor, a solid tumor, a tumor of a head, a tumor of a 
neck a tumor of a gastrointestinal tract, a tumor of a liver, a tumor of a breast, a tumor of a 
prostate, a tumors of a lung, a nonsolid tumor, malignant cells of one of a hematopo.etic 
tissue and a Ivmphoid tissue, lesions in a vascular system, a diseased bone marrow, and 
diseased cells in which the disease is one of an autoimmune and an inflammatory disease. 
In yet a further application of the present .nvention, the target tissue is a les.on in a vascular 
system It is contemplated that the target tissue is a lesion of a type selected from the group 
consisting of atherosclerotic lesions, arteriovenous malformations, aneurysms, and venous 
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lesions. 

The step of irradiating generally comprises the step of providing a light source that 
is activated to produce the light. In one preferred embodiment of the invention, the light 
source is disposed external to an intact skin layer of the mammalian subject during the step 

5 of irradiating by transcutaneous irradiation. In another preferred embodiment, the method 
includes the step of inserting the light source underneath an intact skin layer, but external to 
an intact surface of an organ of the mammalian subject, where the organ comprises the 
target tissue, as provided in organ transillumination irradiation. In a further preferred 
embodiment, the method includes the step of inserting the light source underneath an intact 

1 0 skin layer and underneath the parenchymal or capsular membrane layer of an organ, where 
the organ comprises the target tissue, as provided in interstitial transillumination 
irradiation. 

Preferably, the photosensitizing agent is conjugated to a ligand. The ligand may be 
either an antibody or an antibody fragment that is specific in binding with the target tissue. 
1 5 Alternatively, the ligand is a peptide, or a polymer, either of which is specific in binding 

with the target tissue. 

The photosensitizing agent is preferably selected from the group consisting of 

indocyamne green (ICG), methylene blue, toluidine blue, aminolevulinic acid (ALA), 

chlorins, bacteriochlorophylls, phthalocyanines, porphyrins, purpurins, texaphyrins, and 
20 other photoreactive agents that have a characteristic light absorption peak in a range of 

from about 500 nm to about 1 1 00 nm. Additionally, the photosensitizing agent should 

clear quickly from normal tissue, but not from target tissues. 

One photosensitizing agent, Lutrin ™ (lutetium texaphyrin, brand; Pharmacyclics, 

Inc, Sunnyvle, CA) exhibits clearance from normal tissues in about 24 hours while tumor 
25 tissues retain this agent from 24-96 hours from time of administration. Lutetium 

texaphyrin absorbs light at about 732 nm and is administered by injection, exhibiting 

sufficient selectivity in uptake as to enable transcutaneous PDT of tumors that are deep in 

an intact layer of tissue. 

Another application of the present invention uses an energy activated compound 
30 that has a characteristic energy absorption waveband. The energy activated compound 

selectively binds to the target tissue. Energy having a waveband corresponding at least in 
part with the characteristic energy absorption waveband of said energy activated compound 
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is used for transcutaneous^ irradiating at least a portion of the mammalian subject. 
Preferably the waveband is in the ultrasonic range of energy. Said compound is activated 
by said irradiating step, wherein the intensity of said ultrasonic energy is substantially less 
than that level which would result in damage to normal tissue, but at a sufficiently high 
5 total fluence of ultrasonic energy that is absorbed by said compound which in turn destroys 
the target tissue to which it is bound. Preferably, the total fluence of the ultrasonic energy 
used for irradiating is between about 5 kHz and more than about 300 MHz, more 
preferably, between about 10kHz and more than about 200 MHz, and most preferably, 
between about 20 kHz and more than about 100 MHz. 
1 o The step of irradiating is preferably carried out for a time interval of from about 

30 minutes to about 72 hours, or more preferably, from about 60 minutes to about 48 hours, 
or most preferably, greater than about 2 hours, such as from about 2 hours to about 
24 hours, depending upon the photosensitizing or photosensitizer agent used. 

In yet another application of the invention, the target tissue is bone marrow, or 
1 5 comprises cells afflicted with either an autoimmune disease or an inflammatory disease. A 
still further application of the present invention, relates to methods for the treatment of 
diffused disease, where the target tissue may include metastasized tumor cells; 
immunological cells; tissues infected with pathogenic agents or any other diseased or 
damaged tissues that are interspersed with normal or healthy tissue. 
20 The present invention also includes methods for administering photodynamic 

therapy to a target tissue in a mammalian subject, where the target tissue is irreversibly 
damaged or destroyed resulting in extensive necrosis. 

Preferably, the total fluence of the light used for irradiating is between about 
30 Joules and about 25,000 Joules, more preferably, between about 100 Joules and about 
25 20,000 Joules, and most preferably, between about 500 Joules and about 1 0.000 Joules. 

Brief Description of the Drawing Figures 

The foregoing aspects and many of the attendant advantages of this invention will 
become more readily appreciated as the same becomes better understood by reference to 
30 the following detailed description, when taken in conjunction with the accompanying 
drawings, wherein: 

FIGURE 1 is a schematic diagram illustrating an external light source being used to 
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administer transcutaneous cancer therapy to a relatively large, singular tumor, and to 

multiple, small tumors; 

FIGURE 2 is a schematic cross-sectional view of a section of a tumor blood vessel, 
illustrating linking of an antibody/photosensitive drug to endothelial tissue; 
5 FIGURES 3A and 3B are schematic diagrams illustrating b.otin-avidin targeting of 

endothelial antigens for use in rendering PDT; 

FIGURES 4A- 4C schematically illustrate tissue amplified infarction downstream 
of photodynamic transcutaneous therapy applied to endothelium tissue; 

FIGURE 5 is a schematic diagram illustrating the use of an external ultrasound 
10 source for transcutaneous application of PDT to a deep tumor; 

FIGURE 6 is a schematic diagram showing the use of an external light source for 
transcutaneous treatment of intraosseous disease; 

FIGURE 7 is a schematic diagram showing both an external light source 
transcutaneously administering light and an intraluminal light source position within either 
15 the terminal ileum or colon to treat Crohn's disease with targeted PDT; 

FIGURE 8 is a schematic diagram illustrating an intraluminal light source m the 
form of a capsule or pill for administering light to destroy H. pylon on the gastric lining 

with targeted PDT; and 

FIGURE 9 is a schematic diagram showing how an internal light source administers 

20 transillumination of a deep tumor through an organ wall to provide targeted PDT that 

destroys the tumor. 

FIGURES 1 OA- 10C are schematic diagrams illustrating the injection of a 
photosensitizer compound into a vein (FIGURE 10A) showing drug clearance from normal 
tissue after 24 hours and drug retention in tumor beyond 24 hours (FIGURE 1 OB), and 
25 showing transcutaneous illumination of the tumor (FIGURE 1 0C). 

FIGURE 1 1 shows a low dose rate PDT experiment. 

FIGURE 12 demonstrates PDT on test cells using several photosensitizer agents. 
FIGURE 1 3 provides an experiment comparing varying fluence rates of PDT upon 

test cells. 

30 FIGURE 14 shows an in vitro PDT assay of human colon adenocarcinoma. 

FIGURE 15 shows a diagram that demonstrates interstitial transillumination PDT of 
atherosclerotic plaque in a blood vessel using a photosensitizing agent bound to a Ugand 
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specific for receptors or antigens of plaque. 

FIGURE 16 shows a diagram that demonstrates both transcutaneous PDT and 
interstitial transillumination PDT of atherosclerotic plaque in a blood vessel using a 
photosensitizing agent bound to a ligand specific for receptors or antigens of plaque. 

5 FIGURE 1 7 shows a diagram that demonstrates transcutaneous ultrasound 

irradiation of atherosclerotic plaque in a blood vessel using an ultrasound energy activated 
agent bound to a ligand specific for receptors or antigens of plaque. 

FIGURE 1 8 shows transcutaneous PDT using an optical diffuser attached to an 
optical fiber with delivery of light from a laser diode light source for the treatment of 

10 atherosclerotic plaque in a blood vessel. 

Description of the Preferred Embodiment 

Introduction and General Description of the Invention 

This invention is directed to methods and compositions for therapeutically treating a 

1 5 target tissue or destroying or impairing a target cell or a biological component in a 

mammalian subject by the specific and selective binding of a photosensitizer agent to the 
target tissue, cell, or biological component. At least a portion of the subject is irradiated 
with light at a wavelength or waveband within a characteristic absorption waveband of the 
photosensitizing agent. The light is administered at a relatively low fluence rate, but at an 

20 overall high total fluence dose, resulting in minimal collateral normal tissue damage. It is 
contemplated that an optimal total fluence for the light administered to a patient will be 
determined clinically, using a light dose escalation trial. It is further contemplated that the 
total fluence administered during a treatment will preferably be in the range of 30 Joules to 
25,000 Joules, more preferably, in the range from 100 Joules to 20,000 Joules, and most 

25 preferably, in the range from 500 Joules to 1 0,000 Joules. According to the present 
method, the light is administered over a period of time greater than about 2 hours. 

The terminology used herein is generally intended to have the an recognized 
meaning and any differences therefrom as used in the present disclosure, will be apparent 
to the ordinary skilled artisan. For the sake of clarity, terms may also have a particular 
30 meaning, as will be clear from their use in context. For example, "transcutaneous" as used 
in regard to light irradiation in this specification and in the claims that follow, more 
specifically herein refers to the passage of light through unbroken tissue. Where the tissue 
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laver is skin or dermis, transcutaneous includes "transdermal" and it will be understood that 
the light source is external to the outer skin layer. However, the term "transillumination" 
as used herein refers to the passage of light through a tissue layer. For example, "organ 
transillumination" refers to light irradiation through the outer surface layer of an organ, 
5 e.g., the liver, and it will be apparent that the light source is external to the organ, but 
internal or implanted within the subject or patient. Similarly and more generally, 
"interstitial transillumination" refers to light irradiation from a light source that is 
implanted or surgically positioned underneath the epidermal layer of tissue within an organ, 
such as the parenchymal or capsular layer of tissue of the organ or tumor mass, where the 
1 0 organ or tumor mass comprises the target tissue. 

One aspect of the present invention provides for the precise targeting of 
photosensitive agents or drugs and compounds to specific target antigens of a subject or 
natient and to the method for activating the targeted photosensitizer agents by subsequently 
administering to the subject light at a relatively low fluence rate, over a prolonged period of 
1 5 time, from a light source that is external to the target tissue in order to achieve maximal 

cytotoxicity of the abnormal tissue, with minimal adverse side effects or collateral normal 
tissue damage. 

FIGURE 1 illustrates transcutaneous delivery of light 12 from an external source 10 
to a relatively deep tumor 14, or to a plurality of small, but relatively deep tumors 1 6. The 
20 light emitted by external source 10 is preferably of a longer waveband, but still within an 
absorption waveband of the photosensitive agent (not shown in this Figure) that has been 
selectively linked to tumor 14 and smaller tumors 16. The longer wavelength of light 14 
enables it to pass through a dermal layer 1 8 and penetrate into the patient's body beyond 
the depth of tumor(s) being treated with targeted PDT. In these two examples, the PDT is 
25 directed specifically at target cells in tumor 14 or in rumors 1 6. 

As used in this specification and the following claims, the terms "target cells" or 
"target tissues" refer to those cells or tissues, respectively that are intended to be impaired 
or destroyed by PDT delivered in accord with the present invention. Target cells or target 
tissues take up or link with the photosensitizing agent, and. when sufficient light radiation 
30 of the waveband corresponding to the characteristic waveband of the photosensitizing agent 
is applied, these cells or tissues are impaired or destroyed. Target cells are cells in target 
tissue, and the target tissue includes, but is not limited to. vascular endothelial tissue. 
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Us of tumors solid tumors such as (but not limited to) tumors of the 
abnom al vasc.ar ^ ^ mmors of the hve, tumors of the brea, 

head and nec,. tumors of the g a, o ^ ^ 

° f * e Pr ° State - ^ ^.L-. in the vascular system, bone marrow, and 
hematopoietic and lymphoid ussue, other lesions 

onrrells related to autoimmune disease. 
Msu e or cells viru , coMim „ g cells, and parasue-contauung cells. 

Funh e, targe, cells ^ ^ ^ ^ ^ 

spared ,onon-,arge, cell. Tie*™ g m0 jntte „„»s agen., Thus, the 

nticroorganisms such as bacterra. v.mses, fang,, p 

^rgercell-Msno,^ 

such as vinrse,. "Targe, commons" o, tar. — ^ 

and speciticaiiy iuchui^- ~ 

damaged or destroyed by this treatment method. ^ ^ 

T7IPT IRE 2 includes a section of a tumor blood vessel na g 
F1 94 A olurality of endothelial antigens 26 are disposed along the 

e.ao^ei.al 2 - ^f^ le ° ^^e, 28 ^ 1S specif to endo^eU^ a n ti&en s ,6 

have been administered ana photosensitive 
todies 2« are PDT p—tlve d~ 8 nro,ec„.es 30. TW* P ^ 
, i„ »re linked to <he endothelial antigens via anubodtes a. ou 

dmS I , e l l e i — « ^ » ^ ""T 

„„„.urgc. cells, smee ^ ^ ^ ,„ „ e 

""d : 7Z method rendered In accord *i,h te 

present invention. Ihesenom s 

u ,1 ti«ue not otherwise identified to be targeted, 

and other normal tissue, not otn marrow, or 
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cit^Q throughout the mammalian subject, 
localized but found in multiple sites tnrougn 

mcms to change <* * such . way as to inhere w„h i,s For example. 

I N orU, e, , is observed « "«ed T ce„s ,rea,ed with ber.„porphvr,„ 
derives ("BPD") were .posed ,0 iigh,, holes deveioped , 0,. T ce. 1 membra ^ 
increased in size u„UI .he membrane comple.ely decomposed (BloodCens . 8.1-<M0 
ZZ- W cells are unders.ood .0 be .mpa.red or destroyed even if*. «« cells are 

ultimately disposed of by macrophages. u^™™- 
T„e present inven,,„n also includes me,hods for adm^ng pho.odynanuc 
rnerapy ro a .arge, .issue in a mammalian subjec,, where *e .arge. .issue is irrev ™ ,y 
l^ed or destroyed resu,,,og ,n e»ens.ve necrosis. "E*,e„sive „ecro,s „ used he,e,„ 
» * — of a zone of necro,c .issue greare, man abou, 3 cm crcumference 
, . ,„.„e imolamed probe or grea.e, .nan abou, , cm rad.us from ,he pos.uon 

^. source implied pr.be or grea,er uran abou, 2 em radtus from .he posinon of.be 

^ ^ergy activa,d agenf , a chem.ca, compound tha, binds .o one or more .ypes of 
scle c,ed J cells and, when exposed .o energy of an .propria* waveband absorbs ,he 
energy causing subs.ances «o be produced ma. impair or destroy .he urge, ceils 

Unsung or pho.osensiU.er agen,' , a chemical compel ,ha,,s absorbed 
by or preferenually assoaa.es with one or more types of seleced targe, ceils and, when 

proLedfha, impau or destroy fherarge, cells. V.-l.y any ehem-Uompound ^ 
preferenually ,s absorbed or linked ,o a select .arge, and absorbs ugh. c— « *. desrre 
, Ter T.o b effect may be used ,„ .his invennon. Preferably, *e pho_g agen, 
^compound is nomoxic .o me — ,o which i, is adminis,ered or ,s capable of be, g 

1, ,ed ,„ a „on,„x,c compos.tion Una, can be adm.rus.ered to me ammal, >„ add, o^ 
followmg expose ,0 light. ,he photos— agent in any resulting p oiodeg,^ 
IS also preferably non.oxic. A comprehens.ve lisUng of pho,ose„s,„vc chem.ds m be 
0 found in Kre,mer-B,rnbaum. Sem. Hema,oi. 26,57-73, (.*» ~ -e agent., or 
compounds .nclude. bu, are not „m„ed ,o, chlonns, bacunochlorms, P -~ - 
porphvrins. purpunns. merocyanmes, psoralens. ben ro porphynn denvauves ,DP D », and 
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porf.me, sodium and P-drugs such as deUa-aminolevuhnic ac,d. wh.ch can produce 
^tosensit.ve agents sua as pro.oporpr.ynn IX. Other sunable P™,,ve compounds 

Lc,ude ,CO. methylene ««* — - "« ^ ^ abMlbS 

l,gh,.narangeof500nm-1100nm. 

The Km. -preferentially assoc.a.e S " o, prefe.en.ia! assocauon .s used herem ,o 

describe the pref»=n,ial -»"»«™ » P 1 — ^ ^ ""^ 

such as cells o. tumor .issue. More specifically, ft. prcsen. invention prov.des for 

,he photodynamic therapy of a mammalian subjec,. where the P— as— by 
pholns^ng agents for targe, .issue, mcluding rumor cells or rumor ■„ 
I destruction or damage ,o targe, .issue upon .rradiahon. The surroundmg norma, o. 
Tly „ssu« is no. damaged, where the pho—g agen. ciears much more ,ap,dl> 

from normal cells or .issues man it does from targe, .issue 

n . _ -„ m ,W is used herem .o mean any o. a class of substances ma, are no, 

themselves pho,ose„si,ive agents, bu. when mtrodueed into *« body, through mcabohc. 

disclosure, an aminolevulinic acid (ALA) is th. only exemplary prodrug. After bemg 
"mLered .o a patient, ALA , metabonc* convened ,„,„ a porphyrin compound ,ha, 

,s an effective photosensi.ive agent. P „f„ ab ly 
-Radiation" as used herein includes all wave lengms and wavebands. Preferably 
me radiation wave lengm or waveband ,s selec.ed to correspond w„h or a. leas, overlap me 
wave ,ength(s> or waveba^s excte me pho,osensi,ive compound. Pho_e 
Ige„.s or com^und .ypically have one o, more absorption wavebands dta, excue .em ,„ 
produce the substances, which damage or des,roy urge, .issue, .arge, eel s, or urge 
Inposnion, Even more oreferaUy, me rad,.»o„ wave length or waveband matches the 
excitauon wave length or waveband of the photosensiuve compound and has low 

For example, a preferred wave length of light for ICG ,s in the range 750-850 - 

The Jaoon used ,0 ac,,va.e .he pho.osensinve compound ,s further defined ,„ ,h,s 
,»ve„,,on by ,,s in,ensi,y, dur.,ion. and nnnng w,,h rcspec, ,0 dos.ng a targe, si.e The 
D in.ensity or fluence ra.e mus, be sufficien, for ft. radia.ion ,„ pene.rate s k ,n and reach 

arge, «„s, «ge, .issues, or .arge, composes. The durauon or tota, Huence _ 
be ,„ pho.oac.iva.e enough photosens.tive agen, .o aeh.eve me des.red effec, o„ 
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c u\ i; m ,t^ to avoid over treating the 
•r Both imensitv and duration are preferably limited to avoi 

me target site. Both inter. . ^ ^ agent employed 

subject or animal. Timing with respect » * agenl requlI es some time to home 

.* , Kpcausefn the administered photosensitive dg m 

mmy P— ,ve ~~ ™ ~ for pMvid , ng . medlcal lherapy » „ 

Tte p re seu, — ^ is no[ „ mlled , 0 , b0IM »s ^ oth .t — . 

available to be exposed •» tata™». N ° P " Wood is circul a,ed outside 

iB body for expose to — — " . ^ ^ su bjec. may or need 

In the present invention, a p phot0 sensitizing agents 

*** - - - 1,mtel '°' ^ !d p ol S s such as o.arn—i , acid, can 
putpuHus^eto^^pso^nsand^o «™ ose „ sitei » g a S e„ts ate: 

ptoduce dru 8 s sueh . ptotopotphynn. Mote p efct ^ ^ _ 

wavelength or waveband in the range OTeferab ly administered 

• • - „ m t« is ICG The photosensitizing agent is preleraoiy 
photosensitizing agents is 1LO. ^ mtravascular , 

loc , ly or systemicaHy, by oral ingestion, « * ^ ^ such as 

s „, mtramuscuiar enteraUy or topical, via 

intratumoral. The photosensitizing agent also can 

patches or implants. con ; U o a ted to specific ligands known to be 

The photosensitizing agent aiso can be comuga P 

^ll nr composition, such as receptoT-specinc ng 
active with a -** -sue. ceU. o omp s perin „„ ng , hem , 0 be 

, m mu„OBlobulu,s o, itnmunospeaf.c porttons oftmm 8 ^ 
m „„ concenuated ,n a des.ted t.rge. ce„ „t m,ctoot g an,s m than 
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cells The P ho,osen« agent may be mnhe, conjugated ,0 a hgand-receptor btnding 

LmoKme-chemoxine re ce P ,o,, ^ factor-growth factor recepto, and anfgen. 
antibody. As used herein. me — "P—King agent dd.«y sy-m » • 

photosens.tizing agent conjugate, which because of us conjugate has mcreased 

photosensitizing agen, delivery system is expected to reduce the reou.red dose level of the 

1 pho— , agen,, Since the connate materia! is more selectively targeted 
TJJL ttssue. ce„, „, comp„s„,on, and less of,, , wasted by d,s,ribut,o„ utto odter 
tissues whose destruction should be avoided. 

,„ FIGURES 3A and 3B, an example of a P ho,osensi,i 2 ,ng a g e„, dehvery sys.em 40 
„ illustra.ed u, which the .issue ,s endotheha, layer 24, which ,s disposed a^ng 
. , .„ „ of ,umo, blood ,«s*l 20. AS shown in FIOUKE 3A, a„ 0 bod,es 2 8 

a,„„g endothelial layer. FIGURE 3B illustrates avidin molecule 44 coupled to PDT 
photosensitive drug molecules 30, where ft. avidrn molecules bind with b.our, 
molecules 42. This system Urns ensures ma, me PDT photosensmv. dnrg molecules 30 

Jeband is admims,ered, ,, acttvates me PDT pho,„sens„,ve drug module, causmg 

endothelial tissue to be destroyed. 

FIGURES 4A - 4C ilh.su*. » mechanism fo, amphrymg me effec, on a rumor of 
PDT admints.ered ,o destroy me endomelial tissue in a tumor blood vessel 50. Tumor 
Zdtsse! 50 drsully brakes in,o ,wo smaller blood vessels 52. ,n F1GURE4A, me 
PDT administered ,o active me PDT pho,o*ms,,ive drug molecules has produced 

As shown ,n FIGURE 4B. me muavascu.a, mrombos.s ,s carr.ed dually .hrough «umo, 
b.ood vessel 50 unt.l i, reaches me bimrcar.on p«,n, where smaller diamerer blood 
vessels 52 branch. Due ,o the flow through smaller m.erna, d.ametcr of b.ood vessel 5.. 
iotravascufar thrombosis 54 can no, advice any iunher. and , S s,„ PP ed, creaung 
„ tha, v.rbaahy s,ops blood flow mrough umto, blood vessel 50. The » ^ 

flow afso i„,enupu me prov,sion of nu,Hents and oxygen to the surround, ng «m 
causing ,hc tumor cells ,0 die. The dying cdls arc within , zone of necros.s 5S m„ 



10 



15 



PCTrtJSOO/24120 
WO 01/15694 

increases in over ,,me. .hereby amplifying *, effecs of the PDT on me 

endomelium tissue of the tumor blood vessels. 

A photosensitizing agen, can be adm,nis,e,ed in a dry formulation, such as ptils. 
capsules, suppositories o, paiches. The photosensitizing agent also may be administered ,n 
a liouid formulation, either alone. w„h water, o, win. pharmaceutical* acceptable 
excip,en,s, such as are disclosed tn Remington's Pharmaceutic,. Sciences. The l„u,d 
fonnulatton also can be a suspension or an emulsion. In particular, liposomal o, ,ipoph,.,c 
formulations are desirable. If suspensions o, emulsions are utilized, suitable exciptents 
include water, saline, dextrose, glycerol, and the like. These compositions may contain 
minor amounts of nontoxic auxiliary substances such as werung o, emulsifying agems. 
antioxidants, pH buffering agents, and the like. 

The dose of photosensitizing agent will vary with the target tissue, cells, or 

< W „„ the optima, blood level (see Example 1). the antmafs wetght, and the um.ng 

^duration of me radiation adnunistered. Depending on tite photosensitizing agent used 
an equivalent optimal therapeutic lev., will have ,„ be emptrically estabhshed. Preferably, 
th. dose wi,l be calculated to obtain a destred blood level of the photosensitizmg agen, 
which will likely between about 0.01 ug/m, aud 100 ^/ml. More preferably, the dose 
will produce a blood level of the photosensitizing agen, between about 0.0. ugmt, and 

The intensity of radiation used ,„ treatthe target cell or target tissue , S preferably 
between about 5 and about 100 mW/cm'. More preferably, the intens.ty of 

radiatton employed should be between about ,0 mWW and about 75 mUW. Most 
preferably, tiie tn,ensity of .adiation is between about .5 and about 50 mW/cm 

The duration of radiation exposure administered to a subject is preferably between 
about 30 minutes and about 72 hours. More preferably, the durai.on of radtation exposure 
i, between about 60 mtnut.s and about 48 hours. Most preferably, the duratton of radtation 

I, is contemplated that a targeted photosensitize, agen, can be substantially and 
selectively pho.oaoiva.ed in me varge, cells and targe, tissues within a therapeutically 
0 reaso„ab,e period of tune and without excess toxicity or collateral damage to non-targe, 
norma, issues. Thus, .here appears ,o be a ,he,apeu,ic wtndow bounded by the targeted 
photosensor agen, dosage and the radiation dosage In view of problems ,n the pnor an 
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rel ated to either extracorporeal treats of target ussues or use of high -tensity laser light 
Ration intra-operat.vely, the present invention offers substantial advantages. In accord 
Wlt h the present invention, targeted transcutaneous PDT wiU be employed to treat parents 
inj ected with a photosensor agent and will subject the parents to a redely low fluence 
ra te but high total fluence dose of radiation. This approach is an attractive method for 
treating target tissues that include neoplastic diseased tissue, infectious agents, and other 
pathological tissues, cells, and compositions. 

One aspect of the present invention is drawn to a method for transcutaneous energy 
activation therapy applied to destroy tumors in a mammalian subject or patient by first 
administering to the subject a therapeutically effective amount of a first conjugate 
eon.prismgafirstmemberofaligand-receptorbindingpairconjugated to an antibody or 
antibody fragment. The antibody or antibody fragment selectively binds to a target tissue 
e^.H^nns.v or subsequently, a therapeutically effective amount of a second 
conjugate compnstng a second member of the ligand-receptor binding pan conned to an 
energy-sensitive .gen, or energy-sensttive agent delivery system o, prodrug ,s —red 

,„ ft. patient, wher.m the ft* — *- ■** - *• *<°» d "» ^ ° f ^ 
b,„d.n 6 pah. These steps are fol.owed by irradiating a, leas, a pori.cn o f the subtec, wtth 
energy having a wav.l.ngft or waveband absorbed by the e„ergy-sens,.ive agem, or 
ener -se„si,iveagen,de,,very sys,em. or by fte produohereof This radiation energy ,s 
preferably provided by an energy source ft* is externa! to the subject and ,s prelerably 
administered a, a relatively low fluence rate ft* resuhs ,„ ft. activation of the energy - 
sensitive agent, or energy-sensittve delivery systent, or prodrug product. 

While one preferred embodiment of the present invention is drawn to the use of 
light energy for administering PDT to destroy tumors, other forms of energy are wift.nfte 
scope of this tnvenhon, as w,l. be understood by those of ordinal skill in the art . Such 
forms of energy include, but are no. limited to: thermal, some, ultrasonic, chemtcal, „gh,, 
m.crowave. tontzing (such as x-ray and gamma ray, mechan.cal. and electncal. Fo, 
example, sonodynamically induced or acuvated agents tnclude. bu, are not „m,«ed to: 
Zn-porphyr, complex <s=e Yumtta „ . Ca E c 2 Le SSE , ,1, 7,* OW, "the, 
, porphynn complexes, such as protoporphynn and hematoporphyrin (see Umemura „ * 

,^^^ 3E£!!2 ^ 3S187-SI9., (1996),: other cancer drugs, such as daunorub.cm 
and adnamvein, used in the presence of ultrasound therapy (see Yurm.a e, a,.. Japani 
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HvperthermicOn cgjogx, 3(2): 1 75-1 82, (1987)). 

FIGURE 5 illustrates the use of an external ultrasound transducer head 60 for 
generating an ultrasonic beam 62 that penetrates through a dermal layer 64 and into a 
subcutaneous layer 66. The external ultrasound transducer head is brought into contact 
with dermal layer 64 so that ultrasonic beam 62 is Erected toward a relatively deep 
tumor 68. The ultrasonic beam activates a PDT photosensitive drug that has been 
administered to the patient and selectively targeted at tumor 68, causing the drug to destroy 
the tumor. 

This invention further preferably employs an energy source, e.g., a light source, that 
is external to the target tissue. The target tissues may include and may relate to the 
vasculature or blood vessels that supply blood to tumor tissue or the target tissues may 
include the tumor tissue antigens, per se. These target tissue antigens will readily 
understood bv one of ordinary skill in the art to include but to not be limited to: tumor 
surface antigen, tumor endothelial antigen, non-tumor endothelial antigen, and tumor vessel 
wall antigen, or other antigens of blood vessels that supply blood to the tumor. 

Where the target tissue includes endothelial or vascular tissue, a preferable ligand- 
receptor binding pair includes biotin-streptavidin. In this preferred embodiment, the 
activation of photosensitizer agents by a relatively low fluence rate of a light source over a 
prolonged period of time results in the direct or indirect destruction, impairment or 
occlusion of blood supply to the tumor resulting in hypoxia or anoxia to the tumor tissues. 
Where the target tissue includes tumor tissue other than endothelial or vascular, the 
activation of photosensitizer agents by a relatively low fluence rate of a light source over a 
prolonged period of time results in the direct destruction of the tumor tissue due to 
deprivation of oxygen and nutrients from the tumor cells. 

The ordinary skilled artisan would be familiar with var.ous ligand-receptor binding 
pairs, including those known and those currently yet to be discovered. Those known 
delude but are not limited to: biotin-streptavidin. chcmokine-chemokine receptor, growth 
factor-growth factor receptor, and antigen-antibody. The present invention contemplates at 
least one preferred embodiment that uses biotin-streptavidin as the ligand-receptor binding 
pair However, the ordinary skilled artisan will readily understand from the present 
disclosure that any ligand-receptor binding pair may be useful in practicing this .overmen, 
provided that the ligand-receptor binding pair demonstrates a spec.f.city for the binding by 
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* i.gand ,o 0. rector and funner prov.ded *. .he bgand-recep.or b.nd.ng pa,, perm,,s 
te ereauon of a firs, conjure cousin* a firs, member of .he ligand-recep.or b™ta, 
pan conjugal ,0 an anubody or amibody ftagmem. In <tus case. ,he an.ibody or am.body 
fc^en. seieCve.y b.nds ,o a urge, .issue anfigen and permi.s .he crea.i„n of a second 
5 c»n,uga,e comprising a second member of ,he Ugand-recepor b.ndmg pair c„nj»ga,ed ,o an 
energvsensniv. or pho.osensmzing agen,. or energy-sensi,ive or pbo.osensmzing agen, 
de.ivery sys.em, or prodrug. The firs, member men binds ,0 ,he second member ofih. 

lieand-receptor binding pair. 

Another preferred embodiment of the present invention includes a photosensitizing 
, 0 agent delivery system that utilizes both a liposome delivery system and a photosensitizing 
ag ent where each is separately conjugated to a second member of the hgand-receptor 
biding pa. and where the first member bind, to the second member of the Hgand receptor 
. J: _„ xw nreferablv. the ligand-receptor binding pair is biotin-streptavidn, In 
to embodiment, the photosensitizing agent as well as the photo sensitizing agent delivery 
! 5 system may both be specifically targeted through selective binding to a target tissue antigen 
I the antibody or antibody fragment of the first member binding pair. Such dual targetmg 
1S expected to enhance the specificity of uptake and to increase the quantity of uptake of the 
photosensitizing agent by the target tissue, cell, or compositions. 

In a more preferred embodiment of the invention, a photosensitize compound ,s 
20 used that clears the normal tissue of the skm in a short amount of time and ts retained ,n the 
targ eted nssue for a relatively longer penod of time. Examples of such photosensor 
compounds include Lutnn™ (.utetium texaphyrin. brand; Pharmacyclics, Inc, Sunnyvale, 
CA)andbactenochlorophylls. Preferably the waiting time for the photosens.t.zer 

25 a photosensitize compound can be determined clinically but is expected to be 
administered, preferably intravenously, at dosages of from 0.05 to 4.0 mg/ kg . 

After the drug has cleared the normal tissues, it is retained ,n the target tissue, such 
as a tumor, a light source is positioned above the site to be treated. Any suitable light 
source can be used, such as LED array, laser diode array, or any other type of 
30 electroluminescent device such as a light emitting fiat pane, which can be flexible or 
nonflexible. After the light emitting device is energized, the light is transmitted 
noninvasives through the skin and .ntravemng tissues to the treatment site. The length of 
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time of treatment may be optimized in a clinical trial using standard clinical practice and 
procedures. It is expected that at .east about two hours of treatment time will be necessary 
I ensure that an adequate number of photochemical reactions occurs in order to completely 
destrov the target tissue so that cellular repair i, not feasible. The targeted tissue, which 
has selectively taken up the photosensitize compound, is destroyed during the light 
activation or PDT process. Unlike radiotherapy and chemotherapy, there is less dose 
limitation of the drug or the light and thus the process can be repeated as necessary tf new 

tumor tissues develop. 

Although light is delivered through normal tissue, there is little, if any. collateral 
damage to normal tissue because the drug is taken up selectively and the PDT 
occurs where drug uptake has taken place. A unioue aspect of this methodology ,s that 
each drug molecule can be repeatedly activated causing a drug amplified effect. The 

, ,;*^nn effect allows a relatively low dose of drug to be highly effective m 

Terl oflglet oxygen generation by the photoactivation process. Notably, whether it ts 
the singlet oxygen generated from the PDT activation of the drug which destroys the tumor 
cells or an immune response stimulated by PDT tumor tissue damage or both, there ,s httle 

damage to the tissue from the drug itself. 

EXAMPLES 

Having now generally described the invention, it will be more readily understood 
through reference to the following examples, which are provided by way of illustration and 
are not intended to be limiting in regard to the scope of the invention, unless specified. 

Example 1 

Transcutaneous Photodynamic Therapy of a Solid Type Tumor 

A patient in the terminal phase of recurrent malignant colon cancer having 
undergone chemotherapy and irradiation therapy, presented with a protruding colon 
carcinoma tumor mass of approximately 500 grams and approximately 13 cm in diameter, 
which extended through the patient's dermis. Due to the advanced state of the patient s 
disease and due to the highly vascularized nature of tins tumor mass, resection was not 
, feasible. Further, this large tumor mass presented a significant amount of pain and 
discomfort to the patient, as well as greatly impairing the patient's ability to he flat. 
Six separate light source probes, each including a linear array of LEDs, were 
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surgically implanted in this large human tumor using standard surgical procedures. A 
smg le dose of a photosensitizer agent (aminolevulinic acid (ALA) at 60 m g /kg) was 
provided by oral administration to the patient. Following a period of five hours to permit 
sufficient clearance of the photosensitizing agent from healthy tissues, light irradiation was 
5 administered. An intensity of about 25-30 mW of light from each light source probe 
(650 nm peak wavelength) was delivered to the tumor for 40 hours. However, after 
1 8 hours, two of the light source probes became unseated from the tumor mass and were 
disconnected from the electrical power supply used to energize the LEDs on each probe. 
The total fluence delivered to the tumor bed during this single extended duration treatment 
10 was in excess of 20,000 Joules. 

Extensive tumor necrosis in a radius of greater than about 5 cm from each of the 
light source probes was observed after 40 hours of PDT, with no collateral damage to 
-ur^nHin, normal tissue. The extent of this PDT induced necrotic effect m a large 
volume of tumor tissue was totally unexpected and has not been described before in any 
PDT studies in subjects in vivo or clinically. Over the course of four weeks following PDT, 
the necrotic tumor tissue was debrided from the patient resulting in a reduction of 
approximately 500 grams of tumor tissue. The patient noted a significant improvement in 
Ins quality of life, with a resurgent level of energy and improved well being. 

The average thickness of human skin is approximately 1 cm. Therefore, if this 
same method of prolonged, relatively Un* fluence rate, but overall Hi g H total fluence of 
light delivery is utilized to deliver the light transcutaneous^, a therapeutic effect well 
below the skin surface, to a depth of greater than about 5 cm i, contemplated. 

The fluence rate employed in this Example represented about 150-180mW/cm , 
with a total fluence more than 20,000 Joules. The preferable fluence rate contemplated 
ra ore broadly bv the present invention is between about 5 mW/cm 2 and about 100 mW/cm 
more preferably, between about 10 mW/cm 2 and about 75 mW/cm 2 , and most preferably, 
between about 15 mW/cm 2 and about 50 mW/cm 2 . 

It is further contemplated that the optimal total fluence be empirically determined, 
using a light dose escalation trial, and will likely and preferably be in the range of about 
30 Joules to about 25,000 Joules, and more preferably be in the range from about 
100 Joules to about 20,000 Joules, and most preferably be in the range from about 
500 Joules to about 10.000 Joules. 
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Example 2 

Transcutaneous Photodynamic Therapy extraosseous Disease 

The curren. accepted therapy for treating leukem.a and other mahgnan. bone 
, marrow d.seases empioys a systemic treatment uuh,ng chemotherapy -or radiotherapy, 
sometimes followed by a hone marrow transplan, There arc signify, rtsks assoaaK,, 

„on-d,sc„m,nat,ve ablative therapies ma. destroy al, marrow elements, mcludtng me 
risksofinfectio^.bleedingdia.hesis.andomerhemat.logicalproblems. 

There is a definite need for alternative therapies that do no, subject patterns to 
!0 procedures which may be nsky and which inherently cause pain and suffertng. fh,s 
lampie is directed to a method of .eating tntraosseous mahgnancy ma, has ma,or 
advances over me prior art techntoues for '^^^ ^ bmJs 
a .„,„-t„d antihndv-Dhotosensitizer conjugate (APC) is consxru 

l5 : Lsed Uttravenousiy and is taken up in the marrow by cheating .euketmc cells, and by 
stationary deposi* tha, may res.de m omer organs. When unbound ,„ leukem.c ceiis, APC 

,a,ge,ed drug. For example, .igh, bar probes disclosed in U.S. Paten. No . 5,4 .60 may be 
Jerted into bone marrow to treat the intraosseous disease. The devtces d.scio ed .n U.S. 
,0 Patent No 5,702.432 may be used to treat disease cells cumulating in dte pat.ent s 
2 yZuc o, vascular system. Attextema, device _.y activating targeted 

Lg for example, a iigh. source ma, emits ,igh, tha, is tianstnitted mrough *« derm, 
layer may also be used „ seating the marrow compartment in accord wrth me present 

invention. x , 
25 PDT .argettng has been described for leukemic cells (see U.S. Patent No. 

5 736 503). but no, w„h capability of treating marrow in Without ,his capabthty, 
.mp,; .owertng the leukemic cel, coun, would have Httle climcai beneftt. since the marrow 
,s a major source of new leukermc Cones, and me marrow must be protected from at ur . 
which w„, lead ,o tite dea,h of me patten, regardless of how we,, the P a„o,og,c cel, lo d ,„ 
,0 the emulation is treated. Specific APC promotes the seiecve damage of leukcm.c cells m 
marrow, whiie reductng collateral and non-target tissue damage. Former, the use o, a 
relatively low tluence rate, but overall high total fiuence dose ,s particularly effective ,n 
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this therapy. Optimal fluence rates and dosing times are readily empirically determined 
using dose escalation for both drug and light dose as is often done m a clinical mal. Any of 
a number of different types of leukemia cell antigens may be selected, provided that the 
antigen chosen is as specific as possible for the leukerrua cell. Such antigens will be known 
5 to those of ordinary skill in this art. The selection of a specific photosensitizer agent may 
be made provided that the photosensitizer agent chosen is activated by light having a 
waveband of from about 500 nm to about 1 100 am, and more preferably, a waveband from 
about 630 nm to about 1000 nm, and most preferably, a waveband from about 800 nm to 
about 950 nm or greater. The photosensitizer agents noted above are suitable for use in this 

10 Example. . 

With reference to FIGURE 6, external light source 10 is administering light 1. 
transcutaneous* through dermal layer 18. Light 12 has a sufficiently long wavelength to 
«,« through a subcutaneous layer 70 and through a cortical bone surface 74, into a bone 
marrow compartment 76. Leukemia cells 78 have penetrated bone marrow 
15 compartment 76 and are distributed about within it. To provide targeted PDT treatment 
that will destroy the leukemia cells, antibodies 82 linked whh PDT photosensitive drug 
molecules 84 have been administered to the patient and have coupled with leukemia 
antigens 80 on the leukemia cells. The light provided by external light source 1 0 thus 
activates the PDT photosensitive drug, causing it to destroy the leukemia cells. This 
20 targeted PDT process is carried out with minimal invasive or adverse impact on the patient, 
in contrast to the more conventional treatment paradigms currently used. 

Example 3 

Transcutaneous Photodynamic Therapy of Crohn's Disease 

25 Crohn's disease is a chronic inflammation of the gastrointestinal tract thought to be 

mediated in large part by dysfunction of CD4 + T cells lining the gut mucosa, especially in 
the terminal ileum. The current accepted therapy for Crohn's disease provides for surgical 
removal of the inflamed bowel segment and the use of anti-inflammatory agents, steroids 
and other imrnunosuppress.ve drugs. None of these measures is entirely satisfactory due to 

30 surgical risk, recurrence of disease, medication side effects, and refractoriness of the 
disease There is a clear need for alternative therapies useful in treating this immune 
dysfunction that offer greater efficacy and reduced side effects and risk. This Example, 
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a ■ PiniJRE 7 indicates the drug compositions and 
detai ls of which are illustrated in FIGURE 7. in ^ 

dvsf u„c,..nal ce.ls o- .nh.b , the waveiength , o peneMe 

source ,0 ,s admimstenng hgh. ^ ^ tougn . 

subcutaneous layer VU> into * ^ Vrt ^ liaht 12' can be administered 

1™ Alternatively (or in addition), light \i can oc 

an electrical current supplied through a lead 98. ^ ^ 

Ll „tor T din g p^ 
selectively to CD4* T cell anugens 102 of T cells ^ 

i i ins in the therapy of this Example. The Ai-L. P 
drug molecules 108, in the tne P y ^ ^ 

colon in . manner ^> » d „ ,„ gesled and releases the 

Budeson.de™ - ~ E "~°; co , on A , , he ume of tnerap,, the bo»«l should have 
conjugate ,mo the terminal rleum and colon colo „ os co P y. so .h». it is 

cleared of fecal matenal. The.argetedp n The sensitizer bound to the T cells 

m d an, unbound APC is removed via penstaluc ^ ^ of »h,ch are 
U aedvated bv in„.—, y Atoned 1, t so- ^ * ^ ^ 

„nK Patent Nos.: 5,760,^ J^, - ) ,'o/- 07U ' 
disclosed in any one of U.S. ratent in v, i« entirety or bv a flexible 

mtraluminal optical fiber (no, shovm) d,at ,s passed Trar , sc „<a„=o„s 
rr.nscut.neous hgh, illumination proved bv external Ugh, source 

Step 2 Specially formulated APC conjugate compound 
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Step 3 The APC conjugate is released to the terminal ileum and co.cn: 
SKp 4 If uanscutaneous illurninat.on ,s no, used, one or more iigh, source 
p^es * are , g es,«d or passed ,,o Ore O. « and advanced ,o ,he .ermina, „eum or 

, C0 ' 0 ° 

fraction passes tiMUy ™ P—* <and is subsequently eltm.nated from Ore tad,). 

ep 6 interna, hgh, so.ee is used, rhe „ g h, »v,ce should prefer^, be 
ilMg ed usin g uKrasound o, compute, ass,s,ed .opography (i.e.. a CT scan - no, shown » 
l i s locahon and *, hgh, source ca, then he activated while posted ■„ ,h deum- 
,0 Once acvated. *e ,i g h, source wil, deliver „ g h, a, fne approve waveband fo fhe 

I as no,ed above The opumal dnrg dose and fluencc parameters w,ll be derermmed 
*"* 1 T.^L li Jdose esca,a,io„ tnal. The , ig h, dose and d rog dose are such 
I; n occurs, ieading to decreased re g u,.,on of the P— 

TedCon o f an, pamologrc —on - ho* o f which are factors characters of ,h,s 

^ Step 7 The hgh, source is deacvated. 1, ts particularly tmportant to deacuvate an 
Vernal h g h, source before withdraw., it from the — s.te to prevent nonspecftc 

^^L.tnventionc.naisobeempio.dto^.othertvp.sof— *c 
„ Us , M eh as other T ceUs, macropha.es, neuuophils, B ceils and ^ 
approach can thus be employed, startutg w,th CD4* T ceils, then mov,» g to ™ * 
I then monocytes, and neutrophiis. By inhibiting or preventmg ~ ^ 
SOT e,i„„ of Mammae cel. products, the pathologic process ,s controiled a, the iumena, 

he apphed to „ea, u.cerat.ve col.us w„h the same benefits. As md.cated 

car, be ac,,va,ed w,u, light admnus.er.d h_eous,y. using any number o dtfferen, 

"7of externa, hgh, sources such as LEDs. laser d.c^.s. and lamps ,ha, em„ hgh ,w„h a 
types extern g fc ^ ^ 

wavelength or waveband sumcienuy iun b p 

j-, th.iniesune The opumal wavelength or waveband of thts hght ts 

™ internal tissue, and into the intestine. mcu F 

Lrmmed by bom the hgh, absorption propentes of .he photosensor and me need ,„ 
„« hgh, w,,h as long a wavelengm as possible ,0 ensure adeouare pene,ra„„n ,n,» 
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■ ,, bodv A Mrf* pi— «r ,s p t ef« t ,b,v one ft. absorbs ,n fte range fron, 
paucn.sbod, d» ^ P s „,„. 

r:;:r4: b r:i - 8 .0, „e s, h t ,ac ti v,,„ n o CCUK . 



Exa mple 4 . 
pnT Targeted at Helicobacter pylori 

« that can serve as targets for ligand-receptor binding pairs, and more 

„rvr nrilRESiUustiatesdeailsoflheexamplcasdescribedbelow. 

„, ofdcera.ive paftology in human, Proposal have been descnbed to 

116<4),A354 , LofPhoJochemisu^^ 

^^s E^p.e.acapsuUrorpin-shapedand s.zed H g h, source ,20 ,s admired 
!,ba, i, passes in.» .he s.omach of .he pa,,en. where i, admm,s,=rs 

S , • , ,;„ht P"> to the treatment site. In order to implement 

the nasopharynx to administer light 1 +~ to tne 

tncnasopiiaiy targeted against a 

, a prvr for treatinc ulcers in humans, an APC ut. vran 

leases *e APC ,o a gasmc P ^ ^ ^ order 
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ju ,ce and carried dista„y by per,s,a,s,s - be equated *» * *™ 

Light sources sunable fo, ,n,ra,uminal passage are disclosed ,n any one of 

N os 5 766 234-. 5.782.896; 5,800.478: and 5,827., 86, to d,sc,„sure of each be.ng 

^^^^^ t,t^r 

capsu.e or pill form, e.g., as disclosed in copending commonly ass,gned U S Pa,en, 
a PP „ca,,o„ Senal No. 09/260,923, e„,t,.d, "Polymer Bancy for ,n,erna, Ug , Devtce, 
L on March 2, .999 ,s used for acva.ing to APC The „gh, source ,s preierab, 
ene,g, Z ed jus, prior ,„ Us ingesiion or remote.y after tngesnon, when ,n to stomach or ,na 
Is, red nllum.na, passage. ,f necessa^, mult.ple „gh, sources are ingesied io tnsureto^ 
, annate ph„,oac,,va,,on of to locahzcd APC occurs suffreien, .o tin to bactenum Ugh, 
Td ,.v«r L a, a re,a,ive,y iov „uence rare bu, a h,gh ,o,a, fluence dose, as d.seussed 

., ^otoact.vatior, in tos manner, a photosensmzmg agen, 132 compnsmg 

5 ftoropncgasmcilluminanon in order ,o provide, he acnvaung light. S,nce to AP . 

CI nonspecific up.ake by no- t.ssue and otor norma, composi.ions o to body ,s 
rTLzed in order ,0 preven, ««y ,o norma, gastric iissue and problems w„h to gastnc 

^ In mis exemplary treatment, to following protocol may be utilized: 
!0 Step 1 Partem is NPO for s,x hours to msure to. to stomach is empty. 

Step 2 The APC is ingested. 

Step 3 One hour elapses to allow for bactenal binding and distal passage of 
unbound APC. The optimal penod can be longer or shorter and is readUy determined y 

f v^nle resnonse can be determined endoscopically 
measuring the clinical response; for example, response can 

95 by observation and biopsy. . 

stomach. The length of ,,me to, light i, admuustered by tose sources and to number of 
sources to, are ingesied „1, be deputed CinicaHy ,„ a „gh, dose cscal.t.on stud. The 
churrnng act.on of to stomach serves ,0 locate to iigh, sources, so thauhe „gh, s 
3„ drstnbul more evenly pno, ,o passage of to source,, ,n,„ to duodenum .^nce « 

,i g h, source ,s small (to s,„ of a piil or tab,e„, ,, passes eas„y ou, ,hrou E h to G, system 
via peristalsis. 
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Slcp , The hgh, -ces are debated - — " 

g as,roduodenal - «> — d "lerna, h* source >«- °- *" 

N„,c th». it U al» contemplated that an extern ^ ^ 

. u.uasonic — - ^ , ded „ at pho , oscns ,„ M r agent , * 

a t em.„v.,v be employed to ^ rf oltiasonlc OTeIgy emitted hy the 

coming *c APC is activated ^ ^ Apc ^ the ^ SOUI ee 

herein. 
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^neous PDT fo, Targeting Pulmonary T— m i— „ ,„ 

An APC is *»— .0 « ~ Led as an aerosol, — 

. selective and specific manner. Preferabiy the APC ^ r 

■ v i ^ .naWins distribution into all lung segmenxs. 

disposed on the chest and/or back. 

Ct „ , The apc is inhaled or injected. 

Step 1 ine at v. « ^ the 

step 2 Time is a,!o»ed to elapse to - o * AP (jf 

— * ~ * "Tdle orlund APC may 

te routinely determined clinically us ^ foi a 

siep 3 The Ugh. source ,s disposed a^en. o ^ ^ 

suffi c,e»t time to ensure tha, pI0 „ toes , The nuence 

determined clinicaUy using conventional cluneal 

---«"- te :^:rri:rso--p»-™-- toi '"" c " 

Note that alternatively, an internal ngn 
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, a • - rrr the lieht A further alternative would be the use of an external 
be used to administer the light. A rurm The use of 

u.trasontc transduce, to produce u.trasonic sound waves tha, acttv.te the AFC. The use of 

1, Ugh, ,n L near infrared ,0 tnfrared range ,0 ensure efr.cien, SK,n nenetranon of me 
Examples of ,o„g waveband photosensors are .CO, toluidtne Hue. methy.ene 

blue. 

Example 6 

TnmscutaneousPDT for Targeting OtrtisMedta 

A photosensor con.ugate is formulated which binds w,th great » 

Z ,at=d into an rnjecable, which can * administered intravenous,, or ,„s,,„ed ,„p,ca,,y 
, _ ™ . nrevtouslv piaced tympanostomy tube. The drug is aenvated ustng 

15 IMS disposed behind the ear and aimed a, the midd,e ear, so tha, the light passes tnto 

the middle ear transcutaneously. 

Step 1 The APC fluid formulation is instilled into the m.ddle ear. 
Step 2 Sufficient time is allowed to elapse to allow binding of «,c APC with One 
dis=»e organisms, atid then, any excess fluid is dramed away by gravity or acttvely 
20 aspirated using a needle and syringe. 

Step 3 The light source is positioned behind the ea, and aefvated The Ugh. source 

total fluence dose may be followed as discussed above. 

" T^teous PDT for Targeting Antibiot.c Assocated Pseudomembranous Colttis 

, n cases where «* «— P™**""*^ «— • ** ~ 

scheme drsclosed above for the treatment of H . py.on may be appHed. The d.fference ,s 
latthe APC .s.geted.owardC^Candthcnges.edhgh, source ^.s— c 
3 „ colon rather man m the stomach. Alternately, the pho_e agent can e a tvated 
w«h transcutaneous* transm.ued hgb, from an externa, hgh, source, or by u.trason.c 
energy produced by an ultrasonic transmitter. 



PCT/US00/24120 

WO 01/15694 



15 



20 



25 



Example 8 

Transcutaneous PDT for Targeting Septic Shock Disease 
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A number of antt-endotoxin anttbod.es and peptides have been developed and 
synthesized ft. can be hnked ,o photosensors to ton. *PCs • ™« 

APCs are nuected, allowed to bind and then activated transcutaneous* w„h hght. o, by 
lg .he , Jracorporeal !,M emifting devices disced n, US. Patent N o. 5,02.43^0, 
Jcutaneous — an externa, «* ,s P ,ced over a ma,or vesse, « 
anery bu, mo, P referab,y a vem where ft. Wood flow is stower, ,o ai.ow more „m= 



an 

10 APC activation 



Example 9 

Photodvnamic Therapy by Transillumination 
"tLs Example uses the present invention for me treatment of an organ infiltrated 
^ tumor tissue. Reference is made to FIGURE 9. Speciftcally, hght HO ,s —red 
by tra«si,,umina«io„ through liver tissue ,42 from » planted Ugh, source .44 that ,s 
disposed externa, to the surface of liver ,42, bu, within the patient's body. In ft- 
embodiment, a patient is injected intravenously with a photosensor agent ICG 
conjugated to an antibody that specific to vascular endothelial anttgen (no, separate* 
I™, on a rumor ,46, so ,ha, ft. anttbody binds with the antigen, bu, no, to o, er t.ssue 
in ft. hve, The optima, dose of ICG wil, be empirically dcermined, for example, v,a . 
dose esCadon Cinica, Ufa, as is so often performed ,o evaluate chemo.berapeuuc .genu. 
One or more light source probes ,44 are surgtcally tmplanted (e.g., endoscopteaUy, 
adjacent to, but no, invadurg parenchyma, tissue 14 8 of liver ,42. After delay.ng a „me 
sufflcten. to perm, cleartng of the photosensor conjugate from the non-target nssues, 
I .ight source,, ««., —ted, bating ,he targe, ,,ssue w.th light ,40 a, a redely 
,ow ftuence ra,c, bu, administer a h,gh to*, fluencc dose of „gh, in the waveband from 

about 750 nm to about 850 nm. 

The spectfc dose of photosensor conjugate adm,nis,ered to the pat.en, ,s tha, 
whtch wil. resu.t in a concentration of acttve ,00 in the blood of between about CM>1 ug,m, 
and about ,00 ug-m, and more preferably, between about 0.01 ug/m, and about , 0 pg/ml. 
„ is we,, within fte skill of the ordinary skilled artisan ,0 de.ermme the spectfc 
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therapeutical* effective dose using standard clinical practices and procedures. Similarly, a 
specific acceptable fluence rate and a total fluence dose may be empirically determined 
based upon the information provided in this disclosure. 
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Example 10 

Rapid Tissue Clearance and Prolonged Tumor Retention followed by Transcutaneous 

Photodynamic Therapy 

The present example employs Lutrin ~ (lutetium texaphyrin, brand: Phamiacycl.es, 
Inc Sunnyvale, CA) as a photosensitizer drug compound. A proportion of Lutrin begins 
to clear from normal tissue in about 3 hours, a larger proportion clears from normal tissue 
in about 8 hours, with an even greater proportion clearing in about 16 hours. The 
predominant amount of photosensitizer clears from normal tissue in about 24 hours from 
administration of the agent. However, tumor tissue retains the photosensitizer up to 48 to 

96 hours after administration. 

Reference is made to FIGURES 10A-10C. Lutrin™ is administered intravenously 
in a clinically determined dosage between 0.05 to 4.0 mg/kg as shown in FIGURE 10A. 
The optimal dosage may be adjusted or determined using standard clinical practice and 
procedures. Following a period of about 24 hours from administration, the Lutrin™ 1S 
cleared from normal tissues including skin and subcutaneous tissues. At this pent, the 
Lutrin™ is retained for the most part only in the tumor tissues. 

An energy source, such as a light source, including: an LED array; a laser diode 
arrav or any other electroluminescent device, further including a light emitting flat panel, 
flexible or non-flexible is positioned extracutaneously above the site to be treated. The 
energy source, such as the LED, is energized and the light is transmitted nomnvasively 
through the skin and intervening tissues to the treatment site. A treatment time of longer 
than about two hours is sustained to insure an adequate number of photochemical reactions 
completely destroy the target tumor tissues. 

The process can be repeated if necessary. Unlike radiotherapy or chemotherapy, 
there is less significant limitations on the dosage of the photosensitizer or light energy than 
there is concerning the total dose radiation or chemotherapeutic agent. Radiation and 
chemotherapy usually result in significant collateral damage to normal tissues and other 
org an systems. However, since the photosensitizer agent is rapidly cleared from normal 
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tissues, only the tumor tissue is destroyed. 

Additionally, the quantum mechanics of transcutaneous photodynamic therapy 
result in an amplification of the photosensitizer agent. Since each molecule of the 
photosensitizer agent is repeatedly activated upon transcutaneous illumination, a relatively 
low dose of the photosensitizer agent can be highly effective in destroying tumor tissue. 
Whether through singlet oxygen production upon photoactivation or stimulation of an 
immune response or both, transcutaneous photodynamic therapy demonstrates less adverse 
reaction or collateral normal tissue damage than most other forms of cancer therapy. 
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Example 1 \ 

PDT of Human Gall Bladder Carcinoma Cells - In Vitro 

Human gall bladder carcinoma cells are grown to confluence in 12-well plates. An 
arrav or light emitting d.odes are suspended above the plates to provide illumination. The 
cells are loaded with a variety of photosensitizes and illuminated for prolonged periods ot 
time ranging from 48 - 72 hours with only 30-85 microwatts (uW) of light in some cases. 
In all cases virtually all tumor cells are reliably killed and histologically exhibit irreversible 
changes leading to cell death. (See Figures 11-14) 



Example 12 

20 PDT of Human Gall Bladder Carcinoma Cells - In Vivo 

A series of experiments were performed using nude mice growing transplanted 
human tumors. The mice are injected with various photosensitizes and the tumors 
illuminated with low fluence of only 30 uW of light over a 72 hour time period. Extended 

tumor necrosis was observed. 

25 Control 

All control nude mice were injected with the PDT drug (intratumor or 
intraperitoneal) and 5 million human carcinoma cells which developed a tumor mass. 
These mice were kept in a darkened environment. 
Pheophorbide A experiment 
30 Two experimental mice were injected with epithelial cancer cells pre.ncubated with 

10 micrograms of Pheophorbide A. These mice were exposed to 660nm (peak) light for 48 
hours (30 microwatts per cm2) with no tumor growth after 1.5 months. The control 



PCTAJS00/24120 
WO 01/15694 

• a in the absence of light developed a large tumor, 
^als ("dark controls") maintained m the absence g 

mother two mice with established tumors were injected with 50 m 

^pLbide A .nto the lesion and exposed to 6 60nm light (30 mparts per cm for 

dark control animals. 
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*™ • ^ These mice were exposed to 660nm light for 48 hours (30 
20 micrograms of Chlonn e6. These mice deve i 0 ped a 

wHh no tumor growth after 1 .5 months. The dark control aeve p 
microwatts per cm ) with no tumor g microgramS of Chlorin e6 

large tumor. Another two mice were injected with 100-150 micr g 

and then exposed to 660nm light (30 microwatts per cm ) for 7_ - 

resulted in both after 7 days, 
bxiensive luu^i 



-ni*™™ Extensive tumor necrosis was seen upon gross and fcisio g 
20 absence of light (dark control mice). 



— — « iow i,8ht ievd pdt ,s 

tumoricidal. 
Example 13 

PDT of lesions in a blood vessel , sorc „„ed us,ng an antibody 

A targeted anlibody-phoiosensilizer conjugate (APC) is prepared us g 
„ised agatns anttgens present on a les.on. where ,„e les.on ,s o f a type selected from* 
1 P — of atherosclerotic les.ons, anenovenons m »lfo m a„on, aneurysms. »d 
:31ns A „em»,i»e,y. a ligand-pnotosens,,™ connate ,s prepared usn, a „ga„d 
that binds to a receptor protein present on a les.on. 
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^body is raised agains, aniens of a.herosclerouc p,ao U e. the anubody ,s 
b our,d ,o a P ho,o S e„s,a,,n S ^en, such as ALA forming APCs. APCs are m,ec,ed. 
^ved ,„ bind and men ac.Wa.ea —eously « 
,„,raco,porea, l,gh. ^, devices disced in US. Pa,c„, No. =,702.4,-. 
Lcleous acva.ion. „ ex.cmal ligh, source ,s p.aced ove, a m a 3 or vessel preferaU> 

; :„>, « — ^ • - <*- - b,ood ,s siow - ,o aiiow more ,,me 

APC aclivation. (See Figs. 15. 16 and IS) 

A vana,on of mis memod provides for ft. preparauon of a conjuga.. 
specific p,o.e,n or hgand » a sonic energy ac,,va,ed compound and irrad.a,ed 

^^^^^^^^^ " . 
„o,cd above, .be espies are mean. » be only examples and no, ,o „mi, .h—n , 
„™ ^dUiouallv. one having ordinary skill in ,he ar, .o which ,h,s 

I Ire re eo,ivale„« .o .hose clauned aspecs of fte mvenhon. ™e mveniors ,.end .o 
encompass ,bose e,u,va.en,s widm, fte reasonable scope of ft, c,a,mcd _. The 
„,ven.ion in which - exclusive righ, is claimed , S defined by fhe fo.lowmg: 
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CLAIMS 



1 A method for administering a photodynamic therapy to a target tissue in a 
mammalian subject, comprising the steps of: 

photosensitize, compound having . characertsvic Ugh, absorption — ; sa,d 
lge.ed photosensor compound -ca.es with me urge. ,,ssue, when 

rnmnared with non-target tissue; 

C, i^dia.ingaHeas.aportonofmemammaLiansub^.nwh.ch.he 

„ targe, tissue .o which me photosensitize, compound p^ferenfany assoca.es ,s disposed. 
1 having a waveband correspondmg a, ,eas, ,n pan to me cha_ W 
absorptionwavebandofsaidphotosersiuzercompound; 

(c , ensuring tat an intensity of the light used for me step of 
.rradiating is less man about 500 and ma, a ,o,a, fluence of me Ugh, used for 

, 5 irradiating is sufficient,, high «o acfvate sa,d photosensitize, compound sard hgh. 

ILvating *e photosensitize, compound, causing said urge, .issue ,o be desuoved; and 
wherein said irradiating step is performed for a. leas. 2 hours. 

2 A method for admtnistering a photodynamic therapy to a targe, ussue ,n a 

20 man-tan ^, comprising gTsu.ec, a therapeuUcahy effect amount of a 

photosensitize, compound havtng a character,* itgh, absorption waveband satd 
^ld photosensor compound preferentiahy associate, wi,h ,he .arget ussue. when 

compared with non-target tissue; , 
„ «b) irradiating .tieas, a portion of the mammai.ansubjecnwh.eh the 

.arge, tissue ,0 which the pho,ose„s,,,ze, compound preferenuaiiy assoca.es is disposed. 
Z Ugh, hav.ng a waveband correspondtng a, ,eas, ,n par, ,o .he characcnsuc hgh, 
absorptton waveband of said pho,osensi,,z=, compound; 

(c) ensuring ma, an intensity of the light used for the s,ep of 
30 ,rradia,i„g rs icss man abou, 500 and tha, a to,,, fiuence of me hgh, used for 
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irradiatinc is sufficiently high to activate said photosensitizer compound, said hght 
actwating the photosensitizer compound, causing said target ussue to be destroyed: and 

wherein said total fluence of light is greater than about 50 Joules and said 
irradiating step is performed for at least 2 hours. 

5 3 . A method for administering a photodynamic therapy to a target tissue in a 

mammalian subject, comprising the steps of: 

(a) administering to the subject a therapeutically effective amount of a 
photosensitizer compound having a characteristic light absorption waveband, said 

,0 targeted photosensitizer compound preferentially associates with the target t 1S sue ; when 

compared with non-target tissue; 

(b) irradiating at least a portion of the mammalian subject in which the 
target tissue to which the photosensitizer compound preferentially associates is disposed, 
with light having a waveband corresponding at least in part to the characteristic hght 

1 5 absorption waveband of said photosensitizer compound; 

(c) ensuring that an intensity of the light used for the step of 
irradiating is less than about 500 mW/cm 2 , and that a total fluence of the light used for 
irradiating is sufficiently high to activate said photosensitizer compound, said light 
activating the photosensitizer compound, causing said target tissue to be destroyed; 

20 wherein said total fluence of light is greater than about 50 Joules and said 

irradiating step is performed for at least 2 hours; and 

wherein said method results in extended necrosis to the target tissue. 

4. A method for administering a photodynamic therapy to a target tissue in a 

^5 mammalian subject, comprising the steps of: 

(a) administering to the subject a therapeutically effective amount of a 
photosensitizer compound having a characteristic light absorption waveband, said 
targeted photosensitizer compound preferentially associates with the target tissue, when 

compared with non-target tissue; 
30 (b) irradiating at least a portion of the mammalian subject in which the 

target tissue to which the photosensitizer compound preferentially associates is disposed. 
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with light having a waveband corresponding at least in part to the characteristic l.ght 
absorption waveband of said photosensitizer compound; 

(c ) ensuring that an intensity of the light used for the step of 
irradiating is less than about 500 mW/cm 2 , and that a total fluence of the light used for 
irradiating is sufficiently high to activate said photosensitizer compound, said light 
activating the photosensitizer compound, causing said target tissue to be destroyed; 

wherein said total fluence of light is greater than about 50 Joules and said 
irradiating step is performed for at least 2 hours; and 

said method is used to treat diffuse disease. 

5 A method for administering a photodynamic therapy to a target tissue in a 

mammalian subject, comprising the steps of: 

(a) administering to the subject a therapeutically effective amount of a 
photosensitizer compound having a characteristic light absorption waveband, said 
targeted photosensitizer compound preferentially associates with the target tissue, when 

compared with non-target tissue; 

(b) irradiating at least a portion of the mammalian subject in which the 
target tissue to which the photosensitizer compound preferentially associates is disposed, 
with light having a waveband corresponding at least in part to the characteristic light 
absorption waveband of said photosensitizer compound; 

( c) ensuring that an intensity of the light used for the step of 
irradiating is less than about 500 mW/cm 2 , and that a total fluence of the light used for 
irradiating is sufficiently high to activate said photosensitizer compound, said light 
activating the photosensitizer compound, causing said target tissue to be destroyed; 

wherein said total fluence of light is greater than about 50 Joules and said 
irradiating step is performed for at least 2 hours; 

wherein said method results in extended necrosis to the target tissue; and 
said method is used to treat diffuse disease. 



30 



6. The method of claims 1-5, further comprising the step of allowing 
sufficient time for any photosensitizer compound that is not preferentially associated to 
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the target tissue to clear from the non-target tissue of the mammalian subject prior to the 
step of irradiating. 

7. The method of claims 1-5. wherein said target tissue is selected from the 

5 group consisting of: vascular endothelial tissue; abnormal vascular wall of a tumor; solid 
tumor; tumor of a head; tumor of a neck; tumor of a gastrointestinal tract; tumor of a 
liver; tumor of a breast; tumor of a prostate; tumor of a lung; nonsolid tumor; malignant 
cells of either hematopoietic tissue or lymphoid tissue; lesions in a vascular system; 
diseased bone marrow; and diseased cells in which the disease is either autoimmune or 

1 0 inflammatory disease. 

8. The method of claims 1-5, wherein the target tissue is selected from the 
group consisting of: microorganisms; toxins; and immune cells. 

} 5 9. The method of claims 1 -5, wherein the step of irradiating comprises the 

step of transcutaneous irradiation or interstitial transillumination or organ 
transillumination. 

1 0. The method of claims 1-5, wherein the step of irradiating comprises the 
20 step of providing a light source that is disposed internal to an intact skin layer of the 

mammalian subject and wherein said light source is activated to produce the light. 

11. The method of claims 1 -5, wherein the light step of irradiating comprises 
the step of providing a source is disposed external to an intact skin layer of the 
mammalian subject and wherein said light source is activated to produce the light. 



15 



12. The method of claim 3 and 5, wherein said necrosis results in irreversible 
damage to said target tissue. 
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13 The method of claim 12, further comprising the step of allowing sufficient 
time for any photosensitizer compound that is not preferentially associated to the target 
t lssue to clear from the non-target tissue of the mammalian subject prior to the step of 
irradiating. 

14. The method of claim 12, wherein the target tissue is selected from the 
group consisting of: microorganisms; toxins; and immune cells. 

15 The method of claim 12, wherein the step of irradiating comprises the step 
of transcutaneous irradiation or interstitial transillumination or organ transillumination. 

16. The method of claim 12, wherein the step of irradiating comprises the step 
of providing a light source that is disposed internal to an intact skin layer of the 
mammalian subject and wherein said light source is activated to produce the light. 
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17. The method of claim 12, wherein the light step of irradiating comprises 
the step of providing a source is disposed external to an intact skin layer of the 
mammalian subject and wherein said light source is activated to produce the light. 

18. The method of claims 1-5, wherein said photosensitizing agent is 
conjugated to a ligand. 

19. The method of claim 18, wherein said ligand is one of an antibody and an 
antibody fragment that is specific in binding with the target tissue. 

20 . The method of claim 19, wherein said ligand is a peptide that is specific in 
binding with the target tissue. 

21. The method of claim 19, wherein said ligand is a polymer that is specific 
30 in binding with the target tissue. 
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»-> The method of claim 19, wherein said photosensitize compound is 
sel ected from the group coning of tndocyanme green, methane b,ue. toluidine blue, 
.minolevulinic acid, chlonns, phmalocyanines, porphyrins, purpunns. and texaphynns. 

5 23. The method of chum 19, wherein the step of irradiating is carried out for a 

interval of from about 30 minutes to about 72 hours. 



time i 



time 



24 The method of claim 1 9 



wherein the step of irradiating is carried out for a 



interval of from about 60 minutes to about 48 hours. 



10 



25. The method of claim 19, wherein the step of irradiating is carried out for a 
time interval of from about 2 hours to about 24 hours. 

26 The method of claim 19, wherein the total fluence of the light used for 
15 irradiating is between about 30 Joules and about 25,000 Joules. 

27 The method of claim 19, wherein the total fluence of the light used for 
irradiating is between about 100 Joules and about 20,000 Joules. 

20 28. The method of claim 19, wherein the total fluence of the light used for 

, between about 500 Joules and about 10,000 Joules. 



irradiating is I 
29. 

irradiation. 



The method of claim 9, wherein said irradiating step is transcutaneous 
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30. The method of claim 9. wherein said irrad.aung step is interstitial 

ttansillumination irradiation. 

31. The method of claim 9, wherein said irradiating step is organ 
30 transillumination irradiation. 
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32. The method of claims 1-5, wherem said photosensitizer compound clears 
from normal tissues within about 2 hours to about 96 hours. 

33. The method of claims 1-5, wherein said photosensitizer compound is 
5 selected from the group consisting of: texaphryins and chlorophylls. 

34. The method of claim 33, wherein sa.d photosensitizer compound is 
texaphyrin or lutetium texaphyrin. 



10 35. The 

bacteriochlorophyll. 



method of claim 33, wherein said photosensitizer compound is a 
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the photoactivadon process. It is actually the singlet oxygen which destroys the tumor 
cell* and not the drug per ie. 
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